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Apparent  Population  Temperatures  for  OH  In  Flames.  II.  Emission  Studies** 

S.  S.  Penner 

Guggenheim  Jet  Propulsion  Center 
California  Institute  of  Technology 
Pasadena,  California 

Even  if  a Boltsmann  distribution  exists  for  the  population  of  molecules  In 
various  energy  levels,  it  is  not  possible  to  obtain  a satisfactory  interpretation 
of  experimental  data  unless  the  product  of  maximum  spectral  absorption  coefficient 
Pqax  and  optical  density  Z is  sufficiently  small.  Detailed  calculations  are 
presented  which  show  that  the  experimental  results,  which  suggest  anomalous 
rotational  temperatures  for  ^TT  transitions  of  OH  and  weak  predissociation 

for  the  higher  rotational  energy  levels,  can  be  accounted  for  by  using  sufficiently 
large  values  for  P„«<r  Z.  In  this  connection  it  is  of  interest  to  note  that  the 
large  values  of  Poax  * are  in  agreement  with  the  best  available  absolute 
intensity  estimates  based  on  data  which  have  been  obtained  by  Oldenberg  and  his 
collaborators • Plots  for  the  determination  of  population  temperatures  for  an 
isothermal  emitting  system  at  3000 °Z  are  summarize!  for  the  P^-  and  P blanches 
of  ths  (0,0)-  band  of  OH  for  2£  -*  2TT  transitions.  Apparent  population 
temperatures  up  to  19,000°K  can  be  obtained.  Particularly  noteworthy  is  a 
falling  off  in  intensity  for  the  higher  rotational  energy  levels,  which  can  be 
seen  to  represent  a natural  consequence  of  the  faot  that  the  maximum  spectral 
emisslvlty  decreases  rapidly  with  increasing  rotational  energy  of  the  initial 
state.  We  believe  that  the  calculations  given  in  this  article  cast  doubt  upon 
the  significance  of  reported  rotational  flame  temperature  anomalies  concerning  OH. 


I.  INTRODUCTIOH 


Experimental  studies  of  population  temperatures  in  flames  have  been 

2 c — 2 


reported,  by  different  investigators,  for  the  ^ 

1,2 


TT  transitions  in 
1.3,4 


flames  at  low  pressures  and  at  atmospheric  pressures.  When  ths 

experimental  data  are  treated  according  to  conventional  techniques,  the  plots 
which  are  used  for  the  determination  of  rotational  temperatures  are  found  to 
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exhibit  discontinuities  or  curvatures  both  in  the  regions  of  small  and 
large  values  of  the  rotational  energy  E(K)  of  the  initial  (upper)  state. 

The  "discontinuities"  observed  for  small  values  of  K have  been  variously 
attributed  to  the  formation  of  OH  in  the  excited  electronic  state  by 
different  chemical  reactions  leading  tc  a biraodal  distribution  of  population 

densities,  * to  falsification  of  experimental  data  by  absorption  of  emitted 

4 

radiation  by  cooler  gas  layers  through  which  the  flame  is  viewed,  and  to 
self-absorption.  The  curvatures  observed  for  large  values  of  K have  been 
interpreted^  to  indicate  predissociation  according  to  the  process 

2 y ♦ _»  2 y*  o(3p)  ♦ h(2s). 

In  a previous  publication'1  we  have  called  attention  to  the  fact  that  the 

7 

best  available  intensity  estimates  on.  OH  indicate  that  the  product  of  the 
maximum  absorption  coefficient  ?m>T  and  of  the  optical  density  of  the  emitters 
Z is  generally  larger  than  unity  for  the  more  Intense  spectral  lines  of  OH  in 
flames.  In  Section  II  we  examine  quantitatively  the  effect  of  the  sise  of 
Pggg  X on  apparent  population  temperatures  In  flames  for  emission  experiments. 
This  study  leads  us  to  the  conclusion  that  most  of  the  experimental  data  can 
be  accounted  for  by  a population  temperature  which  is  close  to  the  adiabatic 
flame  temperature.  Thus,  we  are  in  substantial  agreement  with  Dieke  that  the 
observed  discontinuities  or  curvature  for  small  values  of  % may  be  the  result 
of  self-absorption.*  Furthermore,  it  is  not  certain  that  the  apparent  falling 

5 

G.  H.  Dieke  and  H.  M.  Crossvhlte,  The  Ultraviolet  Bands  of  OH. 

The  Johns  Hopkins  University,  Bumblebee  Series  Report  No.  97,  1943* 

® S.  3.  Penner,  J.  Ches.  Thys.  (in  press).  Hereafter  referred  to  as  I. 

n 

H.  J.  Dwyer  end  0:  Oldenberg,  J.  Chem.  Phys.  lg,  351  (1944);  0.  Oldenberg 
and  F.  F.  Rieke,  J.  Chem.  Phys.  6,  439  (1936). 

• The  term  self-absorption  is  somewhat  misleading  since  it  suggests  that  the 
basic  law  for  emission  or  absorption  of  radiation  shows  that  intensities 
vary  linearly  with  optical  density  which  is,  of  course,  not  the  case. 


off  in  intensity  for  large  values  of  Sj,  for  which  Oaydon  and  Wolfhard  have 
invented  an  ingenious  predissociation  mechanism,  is  not  also  the  result  of 
falsification  of  experimental  data  by  self-absorption. 

II.  THE  EFFECT  OF  SSLF-A3 SORPTION  ON  APPARENT  POPULATION  TEMPERATURES  IN 
EMISSION  EXPERIMENTS 

The  effect  of  instrumental  distortion  on  experimental  data  will  be 
neglected  in  the  present  discussion.  For  the  sake  of  simplicity,  a complete 
analysis  will  be  carried  out  only  for  studies  involving  peak  intensities.  It 
is  shown  in  Appendix  I that  the  results  obtained  for  integrated  intensities,  for 
representative  calculations,  are  similar  to  those  obtained  for  peak  intensities.* 
Hence  the  applicability  of  the  principal  conclusions  reached  in  the  following 
discussion  depends  only  on  the  experimental  determination  of  valid  relative  peak 
or  integrated  intensities  for  different  spectral  lines. 

A.  Equations  for  the  Determination  of  Apparent  Population  Temperatures 

For  spectral  lines  with  Doppler  contour  the  maximum  observable  intensity 
in  emission,  Im,T,  is  given  by  the  relation 

W = [ 1 - exp  (-P^  I/J  (1) 

where  H0(V^U)  denotes  the  intensity  of  radiation  emitted  by  a blackbody, 
which  is  at  the  sane  temperature  Tu  as  the  gaseous  emitters  under  study.  The 


• In  general,  peak  intensity  ratios  are  obtained  if  the  instrumental  slit 
width  is  small  compared  to  the  line-width,  whereas  total  Intensity  ratios 
are  measured  when  the  Instrumental  slit-width  is  large  compared  to  the 
line-width. 


f I . uency  V £ tJ  Is  obtained  from  the  values  of  the  U'.rer  (J^)  end  lower 
(E7  ) energy  levels  by  use  of  the  Bohr  frequency  relation.  For  spectral 
line*  with  Doppler  o^t.o'.vr  it  is  well-known  that  = 3^u  (mc2/3lT  kT^t^  £[)% 
where  S^u  is  the  Integrated  Intensity  for  the  transition  under  study,  m equals 
the  mass  of  the  radiator,  c is  the  velocity  of  light,  k represents  the  Boltzmann 
constant,  and  is  the  translational  temperature  (i).  Let 

£' - :aal/K°W^ u>  (2) 

and 


* = - Pmax  X 


whence  it  follows  that 


_ ^ i - 

C 


xn/nJ. 


(3) 


(4) 


n = 1 

It  is  evident  that  £ 1 represents  the  maximum  value  of  the  spectral  enissivity 
for  the  emitting  spectral  lines.  If  the  population  temperature  of  the  emitter 
is  defined  in  the  usual  way,  then  £*  £ 1. 

By  using  Eq.  (1)  and  the  defining  relations  for  £'  and  x it  is  readily 
shown  that 

-x  = fc*  £ 1 + * £ ' ♦ (1/3)  (£«)2  *►  (1/4)  (£')3  ♦ . (5) 

For  very  small  values  of  £',  Eq.  (5)  leads  to  the  usual  result,  viz,  - x * £*  or 
(S^u  X)  (mc2/2  fk  TtV/J)*  = Inax/B0^^)  for  £«  1.  (6) 

From  an  appropriate  expression  for  3iu  and  Eq.  (6),  it  is  readily  shown  that  (I) 

^•[w<v*u>3  *.  <%*a)a] 


1 for  £ 1 « 1 

Wu 


(7) 


where  gu  is  the  statistical  weight  of  the  upper  (initial)  energy  state  end 
is  the  matrix  element  for  the  transition  under  study. 

If  £'  is  not  small  compared  to  unity  then  it  is  no  longer  possible  to 


obtain  the  value  of  'l'u.  in  a simple  manner  unless  absolute  values  of  £ ' are 


av&ilablu.  Thue,  in  general, 
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Jin  { Im«  [l  + i i • ♦ (l/3)U')2+(l/4)(£-)^  --O/Via)3  Su<<#,>2} 

_ 

JB.  A Method  for  Demons  trail  tv:  tine  Effect  of  Self-Absoi"  ti^ron  Apparent 
Population  Tcnpera  tures  of  OH  -»  Tf  Transitions J. 

We  proceed  now  to  examine  quantitatively  the  effect  of  the  absolute  values 

of  f ' on  apparent  population  tenperatures  detemined  according  to  Eq.  (7). 

In  particular  it  will  be  demonstrated  that  for  smell  values  of  K the 

experimentally  observed  curvatures  and  discontinuities  can  be  accounted  for 

quantitatively  by  a uniform  temperature  7U  which  agrees  closely  with  the 

adiabatic  flane  temperature. 

Plots  of  losfl^AV^)3  SaU^*)2]  **  a function  of  can  be 

constructed  for  various  assumed  values  of  £'  by  proceeding  according  to  the 
scheme  outlined  below. 


(l)  Assume  a value  of  fc1,  for  exampls,  for  the  Pj-  branch,  (0,0)-  band,  for 
the  transition  identified  by  the  index  X *=  1,  using  the  notation  of  Dleke  and 
Crosswhite.®  It  is  then  evident  from  Bqs.  (l)  and  (2)  that 


(pmax  xh  * 1 a “ 2*303  lo«  [l  - £‘(K  ° 1)]  . 

(2)  Calculate  the  ratio  »)/SA(I  = 1)  from  the  expression 


(9) 


- SaOO 

Uw] 

2 

gu(a»irj 

[Vu(B=1)] 

( «*- [**>*<«>]  /wJ 


:|exp[hV^u  (X)/k  t]  - x|exp[h\^u(fcil)/ka?]  -lj  . (10) 


The  first  fraction  appearing  on  the  right-hand  aide  of  Eq.  (10)  is  given  by 

8 9 

results  obtained  by  Hill  and  Van  Vleck  as  written  in  convenient  form  by  Earls 


I.  8111  and  J.  H.  Van  Vleck,  Phys.  Eev.  32,  250  (1928). 
L.  T.  Earls,  Phys.  Rev.  48,  423  (1935). 
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and  tabulated  by  Dieke  and  Crosewhite5.  The  quant’ tl es  \j£u(K)  and  3^  (K) 

•S 

have  also  been  tabulated.  Relative  intensities  of  speotral  linos  belonging 

2 c”  2 tt  o 

to  the  Pj-  and  Pg-  branchee,  (0,0)-  bond,  / —♦  II  transit  ons  of  OH  at  3000  K 
are  given  in  Table  I. 

(3)  Determine  (Pyax  X)^  from  the  relation 


< W i)k 


(‘max  = 


1 * 


S£u_(K) 

Sja  (KTTT 


Vlu  tt°  D 

Via 


(11) 


and  evaluate 

£ * 00  « [l  - ^ -(*««  *)K]  . (12) 

(4)  Calculate 

(W)r  = i'  tt)  0°  C*Vu>]l-  . (13) 

(*)  Finally  calculate  log  (IrJUI)i  -log/sutt)  fq^u(K)]  [V^  Q (I)]  j and 
plot  this  quantity  as  a function  of  ^ (K).  From  the  slope  of  this  plot 
determine  the  apparent  population  temperature  in  the  usual  way  by  applying 
Sq.  (7). 


The  results  of  calculations  carried  out  according  to  the  scheme  outlined 
above  are  summarised  in  Fig.  1 for  the  Pj^  - branch  for  various  assumed  values 
of  £ * (l),  in  Jig.  2 for  the  P^-  and  Pg-  branches  with  £*  (1)  = 0.90  for  the 
P^  - branch,  and  in  Fig.  3 for  the  P^-  and  Pg-  branches  with  £'  (l)  = 0.50  for 
the  P^  - branch. 

III.  DISCUSSION  OF  RESULTS 

Analysis  of  the  data  listed  in  Fig.  1 leAds  to  the  conclusions  enumerated 
below. 


(1) 


A,*.  . 

wit} 


For  sufficiently  small  values  of 


*1  _ A.  J * — 

wit 


4- 

V V»«.A  • /*'J 


4 4 nl 


(1)  the  apparent  and  true  values  of 
since  (7)  applies  in  good 


ar»r.roximati  on. 
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| 

(2)  As  the  value  of  £ 1 (l)  is  lucre,  sed,  the  plots  constructed  according 


to  £%.  (7)  show  Increasing  curvature  for  the  nore  intense  rotational  lines 
until  for  £ 1 (l)  «s  0.5  and  greater  the  constructed  curves  simulate  population 
temperatures  which  are  of  the  same  order  of  magnitude  as  the  values  reported 
for  flamee.  It  is  easy  to  eee  how  a limited  number  of  experiment*!  points 
between  K * 3 and  X = 20  can  be  correlated  by  two  intersecting  straight  lines. 
We  offer  this  observation  as  a possible  explanation  fer  the  reported  anomalous 
values  of  the  population  temperatures  of  OK.  Apparent  population  temperatures 
Tu’  obtained  for  lines  with  10£»K^18  for  the  P^-  branch,  (0,0)-bmd,  and 
2£  transitions  of  OH  at  3000°!  are  listed  in  Table  II  as  a function 

of  the  assumed  value  of  £'  (1). 

(3)  For  sufficiently  large  values  of  X,  all  of  the  curves  become  parallel 
independently  of  the  assumed  values  of  £'  (l).  Thus  all  of  the  experimental 
data  yield  apparent  population  temperatures  which  are  in  agreement  with  the 
true  value  of  the  population  temperature.  Hence,  by  extending  experimental 
studies  to  sufficiently  large  values  of  K,  it  is  always  possible  to  obtain 
unambiguous  estimates  of  the  true  population  temperature.  Since  the  slope  of 
plots  constructed  according  to  Sq.  (7)  always  approaches,  as  a lower  limit, 
the  slope  corresponding  to  the  true  population  temperature,  it  is  possible  that 
the  falling  off  in  intensity  for  spectral  lines  with  large  values  of  X is  not 
produced  by  predissociation1  but  is  rather  the  result  of  falsification  of 
experimental  data  by  self  -absorption.  This  last  conclusion  is  supported  also 
by  the  data  plotted  in  Figs.  2 and  3 which  show  that  soma  of  the  lines 
belonging  to  the  Pp-  branch  fall  below  the  corresponding  lines  belonging  to 
the  ?2~  toraach.  Gay  don  and  Wolfhard  reported  preferential  weakening  for  large 


values  of  X for  lines  belonging  to  the  P^-  branch  for  (lc0)-  and  (2,1)-  bands. 
On  the  other  hand,  for  the  (0,0)-  band  the  small  calculated  separation  9eens  to 
increase  for  lines  with  larger  spectral  emliilvitiss  (Compere  Figs.  2 and  3). 


(4)  Additional  support  for  our  contention  that  omission  spectra  may 


K4 


tmva  been 
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nisintorpreted,  i3  obtained  by  noting  that  estimates  of  £’  (1)  for 

^ transitions  and  the  (0,0)-  band,  , which  are  based  on  the 

7 

best  available  absolute  intensity  measurements  for  lines  of  OR,  lead  to  the 
conclusion  that  £ 1 (l)  is  generally  so  large  that  extensive  self-absorption 
must  occur  for  representative  combustion  flames  (I).  Finally,  examination 
of  the  data  used  by  Gaydon  and  Wolfhard^  to  establish  predissociation  in  the 

(1.0) -and  (2,1)-  bands  allows  that  the  experimental  results  yield  lower  valu<  3 
for  the  population  temperature  for  the  weaker  spectral  lines. 

In  conclusion  it  appears  appropriate  to  call  attention  to  the  fact  that 
the  experimental  results  of  Gaydon  and  Wolfhard  for  large  values  of  X and 

(1.0) -  or  (2,1)-  bands  yield  rotational  temperatures  for  acetylene--  oxygen 

flames  which  are  clearly  lower  than  the  adiabatic  flame  temperature.  These 

results  may  indicate  simply  that  the  effective  temperature  in  the  center  of 

the  luminous  zone  is  lower  than  the  equilibrium  temperature  for  complete 

combustion.  The  data  may  also  support  the  predlssoolatlon  mechanism  of  Gaydon 
1 

and  Volfhard.  It  is  evident  that  a decision  between  these  two  alternate 
Interpretations  can  be  reached  by  careful  experimental  study  of  population 
temperatures  in  low-pressure  flames  as  a function  of  position  in  the  flame, 
using  preferentially  the  experimental  results  obtained  for  large  values  of  X. 
The  fact  that  the  observed  separation  between  lines  belonging  to  the  Pi-  and 
p£-  branches  is  in  agreement  with  the  direction  of  separation  predicted  from 
a study  of  self-absorption,  leads  us  to  the  conclusion  that  the  predissociation 
mechanism  requires  support  by  further  careful  experimental  study. 
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Table  I.  Relative  intensities  of  spectral  lines  belonfrir^to  the 
?1-  and  Pg-  branches,  (0,0)-  band,  and  2 21  —♦  TT 
transitions  of  OH,  at  3000°K  [^(2)/% (1 ) =0.43^, 


X 

SnOUfcad) 

Sp2tt)/Sp2(2) 

1 

1.00 

2 

1.29 

1.00 

3 

1.59 

i.ee 

4 

1.63 

2.61 

6 

2.00 

3.22 

6 

2.09 

3.63 

7 

2.11 

3.84 

8 

2.05 

3.90 

9 

1.96 

3.80 

10 

1.79 

3.58 

11 

1.61 

3.28 

12 

1.41 

2.92 

13 

1.21 

2.53 

14 

1.02 

2.15 

16 

0.842 

1.79 

16 

0.691 

1.46 

17 

0.541 

1.16 

18 

0.421 

0.912 

19 

0.323 

0.702 

20 

0.244 

0.533 

cl 

0.181 

0.397 

22 

0.132 

0.291 

23 

0.0954 

0.210 

24 

0.0678 

0.150 

25 

0.0475 

0.105 

26 

0.0328 

0.0730 

27 

0.0224 

0.0500 

28 

0.0151 

0.0338 

29 

0.0101 

0.0226 

30 

0.0067 

0.0149 

* 
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Tabla  II.  Appurent  population  temperatures  Ita1  obtained  from  lines  vrith 
10$K*18  for  the  F] i-  branch,  (0,0)-  band,  and  2 — ♦ 2 TT 

transitions  of  OH  at  3000°K,  as  a function  of  assumed  values 
of£»  (1). 


(l) 

v. 

0.1 

3,000 

0.3 

3,000 

0.5 

3,500 

0.7 

^ 5,000 

0.9 

" 6.500 

0.95 

* 10,000 

0.999 

19,000 

4 


4> 


4 O 


* 
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APFENDIX  X.  BASIC  RELATIONS  IN  TERMS  OF  TOTAL  EMITTED  INTENSITIES 


The  expressions  given  in  Eqs.  (?)  and  (8)  require  slight  modifications 
when  total  intensity  ratios  rather  than  peak  intensity  ratios  are  available. 

If  the  apparent  integrated  intensity  of  the  spectral  line  with  center  at  the 
frequency  is  denoted  by  the  symbol  A(>?^tt),  then,  as  is  well-known, ^ 

A(V^U)-  H°(V^a)(mo2/2rkTt^^)“i  (P***  X)  ^51  [ (**1  )*(n*l)j|  Vp^*  xfj.iA-l) 


From  Eqs.  (1)  and  (ir-1)  it  follows  that 

lu,  = [ u]  (»e2/2»kTt)i  | 

where  ^ _1 

T=  j(pMx  x>  21  1 (-Pm*  I)”]  [l  - 


(Ar>2) 


®*tp  (~Pw»T  X) 


)]  « (*-3) 


Since  J B 1 for  Pmn<r  X <<  1,  it  is  apparent  from  Eqs.  (7)  and  (A-2)  that 

[ A(^£u)/  V^a4ga(q^tt)CJ  x 


kftt 


for  £ * 44  1 for  all  lines  • (A-4) 


Equation  (A-4) is  the  expression  which  is  usually  employed  for  the  interpretation 
of  experimental  data.  The  value  of  ^ is  plotted  as  a function  of  X in 
Fig.  (Ar-1). 

When  conventional  plots  for  the  determination  of  population  temperatures 
are  constructed  according  to  Eq.  (A-4)  for  arbitrary  values  of  £'  (1),  results 
substantially  equivalent  to  those  shown  in  Fig.  1 are  obtained.  In  this  case 
the  quantity  A(V^U)  can  be  calculated  from  Eq.  (A-2)  after  obtaining  Im»T  by 
use  of  the  procedure  described  in  Section  IIB.  Construction  of  curves  analogous 


10 


a.  Ladenburg,  neits.  f.  rhysik  £5,  200  (1530). 


to  those  shown  for  the  Pj-  end  Pg-  branches  In  Mgs.  2 and  3 leads  to  the 
conclusion  that  the  separation  between  lines  belonging  to  the  P^-  and  Pg- 
branches  is  slightly  decreased.  Thus,  although  the  direction  of  separation 
between  lines  belonging  to  the  P^-  and  Pg-  branohes  is  the  same  as  observed 
by  Gaydon  and  Wclfhard,*  there  is  a discrepancy  between  the  quantitative 
behavior  of  intensity  as  a function  ^ (K)  f6r  large  values  of  K.  In  this 
conncectlon  it  nay  be  of  Interest  to  note  that  the  splitting  between  branches 
for  large  values  of  K has  not  been  observed  for  the  (0,0)-  band  by  Oaydon 


and  Volfhard 


Apparent  ?o'  ulation  re- 


. • v>  w ua  yC 
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ITT.  Absorption  3tudies*T 


S.  S.  Penner 

Guggenheim  Jet  Propulsion  Center 
California  Institute  nf  m«?>v.-in)  n.^y 
lasadenr,  California 

Representative  absorption  stu&ie*  for  the  determination  of  rotational 
temperatures  in  flames  have  been  analyzed  for  the  P^-  branch,  (0,0)-  bend, 

IT*  -+  ^ £ transitions  of  CH  at  3000°K.  The  celculations  show  that  erroneous 

interpretation  of  experimental  results  occurs  if  the  product  of  maximum  absorption 
coefficient  (fma-r)  and  optical  density  (I)  is  not  snail  compared  to  unity.  Sample 
calculations  for  a blackbody  light  source  show  that  the  customary  procedure  for 
treating  experimental  results  will  permit  adequate  correlation  of  the  data  by 
straight  lines  up  to  relatively  large  values  of  X.  It  is  remarkable  that  the 

preceding  statement  remains  true  even  under  conditions  in  which  emission  data  for 
the  — ♦ 2 transitions  clearly  indicate  that  PnATX  is  no  longer  snail 

compared  to  unity.  The  apparent  rotational  temperature  of  tne  ground  electronic 
state  varies  by  only  a few  hundred  degrees  when  the  temperature  of  the  light  source 
i 3 Increased  from  35GG°i  to  B000°K,  the  direction  of  the  change  being  such  that 
the  apparent  temperatures  of  the  flame  are  the  more  nearly  in  agreement  with  the 
actual  temperature  of  the  flar.e  the  higher  the  temperature  of  the  light  source.  Ike 
calculations  emphasize  the  fact  that  correlation  of  experimental  data  by  straight 
lines  is  no  assurance  that  an  error  in  interpretation  is  not  being  made.  We  believe 
that  the  data  presented  in  this  article  cast  doubt  upon  the  significance  of  absolute 
values  ox  rotational  temperatures  obtained  from  conventional  interpretation  of 
experimental  data  on  absorption  by  OE  in  flames. 

I.  INTRODUCTION 

The  experimental  data  and  the  effect  of  self-absorption  on  population  temperatures 
in  emission  experiments  have  beer,  reviewed  in  the  preceding  article."  It  is  the 

2 

purpose  of  the  present  analysis  to  indicate  briefly  possible  effects  of  large  values 
of  on  apparent  population  temperatures  T^1  obtained  in  absorption  experiments 

for  9r.ectral  lines  with  Doppler  contour.  Thu  results  of  calculations  for  ^ 

transitions  of  OH  and  the  (0,0)-  band  show  that  tho  apparent  population  temperature 
is  strongly  dependent  on  the  absolute  numerical  value  of  orX  and  relatively 

insensitive  to  the  temperature  of  the  light  source,  as  long  as  the  so-rce  is 
appreciably  hotter  than  tho  flame.  Hence  it  must  be  concluded  that  the  available 
experimental  data  on  absorption  experiments  for  the  determination  of  the  pc '.wl  at  ion 
temperature  of  the  gre  rnd  3tato  cannot  be  interpreted  unequivocally  to  represent  the 
actual  population  tennorature  of  tho  ground  state. 


* Sun-ported  by  the  O.N.R.  under  contract  Nonr-22G(03),  NR  015  210. 
t Numeric?)  calculations  were  performed  by  Mrs.  B.  MacIXjnald. 

^ 3.  3.  . en.no  r,  J.  Chon.  Rhys,  (in  press).  Hereafter  referred  tc  as  II. 

;or  estimates  cf  th«  mogni  tu  :e  of  in  low-pressure  flames  see 

3.  . r -«>r,  J.  Cher..  j.  (in  :>rss$) . n ro.-fie:  * -.Tec.  t -s  i. 


*»=■* 
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II.  THE  EFFECT  OF  S3IF-A3S0RFTI0N  ON  APPARENT  PC  ILL.  AT  I ON  TEfPERATtJHE  S IN 
ABSORPTION  EXPERIMENT 

At  thermodynamic  equilibrium  the  spectral  emissivlties  and  absorptivities 
arising  from  a given  transition  are  identical.  Hence  it  is  to  be  expected 
that,  falsification  of  exy>9 rinental  data  in  absorption  experiments  needs  to  be 
considered  whenever  self-absorption  is  known  to  be  of  importance  in  emission. 

The  following  analysis  is  restricted  to  the  U9e  of  peak  intensities  for  the 

• f 

calculation  of  population  temperatures.  Instrumental  distortion  will  be 
neglected  as  in  II . 

A.  Equations  for  the  Determination  of  Apparent  Population  Temperatures 

In  an  absorption  experiment  with  a source  which  is  much  bri^iter  than  the 
emission  lines  and  which  emits  the  spectral  radiant  intensity  Rg(V),*  the 
maximum  value  of  the  fractional  absorbed  intensity,  (X  ' = Anax/Rg(>^u) , is 
given  by  the  expression 

«'  = 1 - exp  (-P^  X)  (1) 

whence,  proceeding  as  for  emission  (II ), 

-*•=  n 

n = 1 

and 

-X=flc[u|  + (l/3)(«»)2  f (l/4)(«»)3v«]  . (2) 

For  0Cl  « 1,  Sq.  (2)  reduces  to  the  expression  -x  = or 

(S^u  I)  (mcs/2irk  Tt  u2)‘  = /Ej  Wja)  (3) 

where  (I) 

S£u  (eir^/Shc  a)V^u  Su  q_£$  [exp  i-E £ /k  ?£)]  , (4) 

* For  definitions  and  symbols  which  correspond  to  those  used  in  the  study 
of  emission  exporinents  see  II  or  I. 

A mVio  ii oo  r\f  orm.irant.  tntol  «h«nimtinrt  mflA«nr«iimnt)»  1*  discussed  brieflv  in 

• - — - - - 

the  Appendix. 
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Hcre  T ^ is  the  population  temperature  of  the  ground  (initial)  state  ir.  an 
absorption  experiment.  From  Hqs.  (3)  and  (4)  it  is  readily  shown  (i)  that 
for  greybody  emitters* with  the  effective  temperature  of  the  source,  Tg,  large 
compared  to 

^ & r*  L ^nax/ Sn  <\£  uj  = 1 

For  arbitrary  values  of  01',  Sq.  (5)  should  be  replaced  by  the  expression 
3ln(*maxD-  + £ + (1/3)  (*'f  + (1/4)  («»  )3  + ♦♦  ] /gu  (q/u)2)=_ 


(5) 


}2i 

From  Eq.  (o)  it  is  evident  that  can,  in  general,  be  determined  only  if 
absolute  values  of  OC 1 are  known. 


kTi 


(6) 


B.  A Method  for  Demonstrating  the  Effect  of  Self-Abgorptlon  on  Apparent 
Population  Temperatures  of  OH  w=r-  - C Transitions) 

Ve  proceed  to  examine  quantitatively  the  effect  of  absolute  values  of A1 

on  apparent  population  temperatures  determined  according  to  Eq.  (5).  Plots  of 

log  ^na-r/gu  (q^  a)2J  as  a function  of  E ^ can  be  constructed  by  using  the 

following  scheme. 

(1)  Assume  a value  of  (X*,  for  example,  for  the  P^-  branch,  (0,0)-  band,  for  the 
transition  identified  by  the  index  1*1,  using  the  notation  of  Dieke  and 
Crossvhite.  Next  calculate  &*(K)  by  using  the  same  procedure  as  was  used  to 
obtain  the  maximum  values  of  the  spectral  amissivlty  for  the  line  with  index  K (II ). 

(2)  Calculate 

Am  at  = OK 1 (&)  Bg  (t^u^ 


0.  H.  Dieke  and  K.  M.  Cro3Svhito,  The  Ultraviolet  Bands  of  OH. 

The  Johns  Hopkins  University,  Bumblebee  Series  Report  No.  87,  1S46. 
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n3c.ur.iiv;  a blachocdy  distribution  curve  for  the  source  at  the  temperature  Tg. 

(3)  Calculate  log  ^ (AmaxJv/W^Cq^  (*)]  j and  Plot  thiB  <lnaatltJr  aB  a fancti°n 
of  3 ^(K) . 7ron  the  slope  of  this  plot  determine  the  apparent  por-ulation 
te  mperature  Tg’  in  the  usual  via y by  applying  3q.  (5). 

Hie  i'o cults  of  calculations  carried  out  a c co rd i ng  to  the  scheme  outlined 
above  are  survarizod  in  Figs.  1 to  4 for  0C  (E^l ) of  P^-  branch  = 0.1, 

0.3,  0.7,  end  G.9,  respectively,  for  two  or  more  values  of  the  source 
temperature  Tg.  Apparent  population  temperatures  for  ,he  relevant  experimental 
conditions  are  indicated  in  Tigs.  1 to  4. 

III.  DI5CUSSI0"  07  HE3TTIT3 

Analysis  of  the  data  presented  in  Figs.  1 to  4 leads  to  the  conclusions 
enumerated  below. 

(l)  Experimental  data  treated  according  to  conventional  procedures  permits 
correlation  of  results  by  linear  clots  even  for  values  of  at1  (K=l)  of  the 
P^-  branch  which  are  so  large  that  * differs  appreciably  from 
absolute  v.ulues  obtained  for  ' cannot  be  considered  to  be  meaningful  without 
convincing  proof  that  PnaxX  is  sufficiently  small  for  the  spectral  lines  under 
study  to  justify  conventional  treatment  of  data. 

(3)  Apparent  population  temperatures  1 are  always  larger  than  T g . The 

difference  between  1 and  decreases  somewhat  as  the  temperature  of  the 

light  source  is  increased,  for  fixed  values  of  However,  the  apparent 

temperatures  are  relatively  insensitive  to  the  numerical  value  of  Tg,  decreasing 

0 0 

by  only  a few  hundred  degrees  as  Tg  is  raised  from  3500  K to  8000  E. 

(3)  lor  sufficiently  large  values  of  » * (£=1)  for  the  Pi-  branch,  discontinuities 
or  curvatures  are  observed  in  the  convent io.«^l  plots  which  are  reminiscent  of 


Hence 


the  results  obtained  in  emission  experiments  (II ). 
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(4)  Comparison  with  estimates  of  (X 1 (5=l)based  on  the  absolute  intensity 

A 

measurements  performed  by  Cldenbcrg  and  his  collaborators,  * shows  tnat 
Oi  1 (5=1 ) for  the  branch  i9  too  large  to  permit  the  determination  of 
rotational  temperature  by  the  use  of  2 q.  (3)  unless  cere  is  taker,  to  utilize 
only  snectral  lines  with  large  valuer-  of  X.  Che  particular  values  of  2 which 
car.  be  used  depend  evidently  on  the  absolute  value  of  <X  '(*=1). 

Adequate  car*  in  the  interpretation  of  absorption  studies,  as  well  as  of 

omission  studies,  permits  the  determination  of  both  the  true  rotational 

temperature  and  of  the  concentration  of  the  absorbing  or  emitting  species, 

provided  the  population  of  molecules  in  the  rotational  energy  leveie  obeys  the 

Me-xwell-3oltznann  distribution  law.  Thus  data  on  spectral  lines  with  large  K 

can  be  used  to  obtain  T£  . Hext  a family  of  curves,  for  the  knovm  values  of 

and  Tg,  is  constructed,  for  oxanple,  for  different  values  of  O S'  (5=1)  for 

the  - branch  (compare  Figs.  1 to  4).  The  date,  obtained  by  using  Eq.  (5)  for 

the  lower  values  of  X can  then  be  employed  to  determine  **'(5=1)  whence  the 

optical  density  X is  determined  since  S^u  is  known.  ‘ 

In  conclusion  it  appears  dosirable  to  call  attention  to  the  fact  that  some 

of  the  published  experimental  measurements  on  absorption  by  OK  in  flames  suggest 

the  same  sort  of  curvatures  a9  would  be  obtained  if  a curve  were  drawn  through 

5 

the  calculated  data  shown  in  Figs.  1 to  4. 

4 R.  J.  'y.-rjQT  and  0.  Oldonberg,  J.  Chen.  Phys.  12,  351  (1944);  0.  Glienberg 

urd  F.  F.  Pi eke,  J.  Cherc.  Phys.  6,  439  (1938). 

° H.  P.  Broidr.,  J.  Chem.  Phys.  1£,  1383  (1951),  Cf.  Fig.  5. 
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1 I J Fig.  I 1 L 

Conventional  plots  for  the  determination  of  apparent  population  temperatures  Tg  of 
the  ground  electronic  state  from  absorption  experiments  for  different  temperatures 

of  the  light  source  Ts  [V  — ► 2I  transitions  of  OH, (0,0)- bond,  F| -branch, Tg=3000°K, 
— c(  (I ) =0.10-,  the  ordinate  for  the  plot  at  Tss8000°K  has  been  reduced  by 
2.00  relative  to  the  plot  for  Ts=  4000°k] 
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Conventional  plots  for  the  determination  of  apparent  population  temperatures 

T$  of  the  ground  electronic  state  from  absorption  experiments  for 

r 2 2 

different  temperatures  ot  the  light  source  T$  \ TT  — ^ 21  t^ansifions  of 
OH,  (0,0)  - band,  P - branch , Tq  = 3000°  K,  <*'(l)=0.30l 


T«  = 3250°K,  Ts  s 8000°  K 


i 0 < E «(K 


Fig.  4 

Conventional  plots  for  the  determination  of  apparent  population  temperatures  Tg  of  the 

ground  electronic  state  from  absorption  experiments  for  different  temperatures  of 

r2. 

the  light  source  [ TT  — •*  J_  transitions  of  OH  , (0,0)- band,  Fj  - branch,  T£=  3000°  K , 
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AFFENDIX.  POPULATION  TEMPERATURES  BASED  OK  APPARENT  TOTAL  ABSORPTION 
MEASUREMENTS  FOR  SPECTRAL  LIKES  WITH  DOPPLER  CONTOUR 


It  is  readily  shown  that  the  apparent  total  absorption  Ap  is  related  to 
the  peak  absorption  AmT  through  the  expression 


JW=*T  • 7 • (tyj  (mc2/21TkTt) 


(A^l) 


where  , ^ 

J « [l  - exp  (-Pjatv*.  -)J  (Paax  x)  | ^ [ (*  + D*  (a  ♦ 1)!]  (P«ax  x>*|  * 
Ry  the  use  of  Eqs.  (A-l ) and  (A-2 ) it  is  a simp! <?  setter  to  coots rt  the  data 


exp  (-Pjava. 


(Ar>2) 


given  in  Figs.  1 to  4 to  the  corresponding  plots  involving  Ap.  The  values  of  ^ 
as  a function  c f PWJT  X have  been  given  in  Fig.  (A-1.)  of  II.  Conclusions 
derived  from  conventional  plots  in  terms  of  A^  for  estimating  population 
temperatures  do  not  differ  significantly  from  the  material  given  in  Section  III^ 
for  the  rang  a of  spectral  eraisslvitiss  considered  in  the  present  analysis. 
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Apparent  Population  Temperatures  for  OK  in  Flames.  IV.  Isolnte.ultv 
Method  for  fcntselon  Experiments* 

S.  S.  Peaner 

Guggenheim  Jet  Propuleion  Center 
California  Institute  of  Technology 
Pasadena,  California 


Rep re sen tat ire  calculations  to  determine  observable  peak  and  total  intensity 
ratios  in  emission  for  spectral  lines  with  Doppler  contour  have  been  carried  out 
for  — 2 IV  transitions,  (0,0)-  band.  Pi-  branch  of  OH  at  3000°!.  The 

calculations  show  that  the  ratios  of  peak  and  total  intensities  are  functions  of 
absolute  values  of  the  products  of  maximum  absorption  coefficients  (Pnax)  an^ 
optical  density(X)for  the  lines  under  study.  Hence  quantitative  interpretation 
of  experimental  data  is  not  possible  unless  proper  account  is  taken  of  the 
influence  of  absolute  intensities  an  experimental  results. 

I.  INTRODIJCTIQH 

In  earlier  publications  of  this  series  we  have  examined  the  basic  relations, 
the  conventional  procedure  for  the  determination  of  population  temperatures  from 
emission  studies,  and  the  conventional  procedure  for  the  determination  of 
population  temperature  from  absorption  experiments.3  These  investigations  have 
shown  that  a simple  explanation  for  apparent  flame  temperature  anomalies  can  be 
obtained  by  taking  proper  account  of  the  effect  of  absolute  values  of 
spectral  emisslvitles  on  experimental  results.  It  Is  the  purpose  of  the  present 
analysis  to  investigate  the  Influence  of  absolute  values  of  spectral  emisslvitles 
on  the  use  of  the  lsclntenslty  method.4*3  Representative  calculations  have  been 


* Supported  by  the  O.H.R.  under  contract  Honr-220(03),  HR  015  210. 

1 S.  3.  Penner,  J.  Chen.  Phys.  (in  press).  Hereafter  referred  to  as  1. 

2 Part  II. 

3 Part  III. 

4 G.  H.  Dieke  and  H.  M.  Crosswhite,  The  Ultraviolet  Bands  of  OH. 

The  Johns  Hopkins  University,  Bumblebbe  Series  Report  Ho.  87,  1948. 

5 X.I.Shuler,  J.  Chem.  Phys.  1£,  I486  (1950). 
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carried,  cut  fcr  ^ YL  2"m"  transitions  of  OH  at  3000°K  for  the  (0,0)-  hand 
and  the  Pj-  branch.  The  result * of  the  present  analysis  show  that  reported 
flame  temperature  anomalies,  obtained  by  use  of  the  isclntensity  method,  may 
be  the  result  of  failure  to  allow  for  the  effect  of  absolute  values  of  the 
spectral  emissivity  on  the  peak  and  total  intensities  of  spectral  lines  with 
Doppler  contour.* 

II.  OUTLINE  07  CALCULATIONS 

Two  spectral  lines,  which  are  differentiated  by  the  indeces  £ and  £',  appear 
to  have  equal  peak  intensities  in  an  emission  experiment  if 

W 00  * W (*'),  (D 

where  In,,^  is  given  by  2q.  (1)  of  II.  Tor  various  assumed  values  of  £’  (K*l) 
of  the  Pj-  branch  at  3000°K,  it  Is  a simple  natter  to  calculate  the  ratios 
I,^  (£)/lnmx  ^7  following  the  procedure  described  in  II.  The  results  of 

these  calculations  are  summarised  in  Table  1 and  representative  values  are 
plotted  in  Tig.  1.* 

The  spectral  lines,  which  are  Identified  by  the  indeces  £ and  £*,  appear  to 
have  equal  total  intensities  in  emission  if 

A (I)  * A.  (£•)  (2) 

where 

o«o 

A(I)  = [B0V{u(mc2/2irkTt)'iVia(lt)]  [p^UOl]  [ <»-l )*(»*)!]  x]“.  (3) 

By  proceeding  according  to  the  method  described  in  the  Appendix  of  II,  it  is 
readily  shown  that 

AOO/A(I>)=  [Wl'l/W#')]  [V£a(I)/^u  (*’>]  [f  «'V^(X)].  (4) 

Representative  numerical  values  of  A(£)/A(X')  are  listed  in  Table  II  and  plotted 


» »<*«***^  a »%•  a 4*  f • a o m m . 
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In  Fig.  2 for  2 Y_  ?1Y  transition#  of  OH  at  3000°X  for  the  (0,0)-  band 
and  the  Pj_-  branch. 

in.  Discussion  or  results 

Reference  to  the  data  listed  in  Table#  I and  II  and  plotted  in  Fig#.  1 and  2 

■how#  that  the  ratio#  I^x  ( K ) / Imax  (*')  and  A (X)/A  (S')  are  function#  of  the 

value  of  t*  (Bel)  for  the  P^-  branch,  the  dependence  on  fc'  (fcl)  becoming  stronger 

a#  h'  (16=1)  approaches  unity,  i.e.,  ae  the  extent  of  self-absorption  increases. 

This  observation  is  emphasized  by  noting,  for  example,  that  the  line  having 

absolute  peak  intensity  closest  to  the  line  with  K * 3,  has  £ = 13  for  (1)  = 0.1, 

I « 13  for  L'  (1)  * 0.3,  X a 14  for  Ll  (D  - 0.5,  X - 15  for  L'  (1)  - 0.7,  X * 18 

for  (1)  « 0.9,  X ■ 19  for  £}  (1)  * 0.96,  and  X = 21  for  (1)  = 0.99. 

Comparison  of  the  data  given  in  Tables  I and  II  and  plotted  in  Figs.  1 and  2, 

respectively,  also  shows  that  the  effect  of  self-absorption  in  falsifying  the 

data  obtained  by  use  of  the  Isointensity  method  is  more  pronounced  for  peak  emitted 

intensities  than  for  total  intensities. 

It  is  somewhat  difficult  to  draw  general  conclusions  regarding  the  effect 

of  self-absorption  on  reported  flame  temperatures  using  the  i^ointensity 

method.  However,  it  is  clear  that  anomalies  obtained  without  regard  for  the 

effect  of  absolute  spectral  emlsslvltles  require  reexamination. 

The  effect  of  self-absorption  on  population  temperature#  determined  from  the 

lsointenslty  method  can  be  demonstrated  graphically  by  using  the  procedure 

5 

developed  by  Shuler  whose  method  is  equivalent  to  thr  assumption  that  total 
intensity  ratios  A(X)/A(X')  cun  be  replaced  by  the  product  of  transition 
probability  ratios  gu(X)  [q£uU)]  /^(X1)  and  appropriate  exponential 

factors  for  spectral  lines  whloh  are  close  together.  Plot*  of 
Z(X)  - E(X')  vo.  log|gu(X)  [q^(X)]2/gu(X')  [<^a(K')]2| 


are  shown  in  Fig.  3 


-4- 


as  a function  of  £'  (1)  for  pairs  of  spectral  lines  for  which  Inftx(K)/lnax  (*') 
is  nearly  equal  to  unity.  Similarly,  plots  of 

2(k)-x(k')  ts.  loejsute)  are  shown  in  Fig.  4 as  a 

function  of  £•  (1)  for  pairs  of  speotral  lines  for  which  A(K)/a(K')  is  nearly 
equal  to  unity. 

Reference  to  Figs.  3 and  4 shows  that  the  plots  deviate  progressively 
more  fro*  straight  lines  as  £'  (1)  is  increased.  Apparent  population  temperature 
Tu'  are  noted  on  the  curves  given  in  Figs.  3 and  4.  The  results  are  seen  to  be 
an  inaaediate  consequence  of  the  dependence  of  the  K-  v allies  for  lines  with  equal 
peak  or  total  intensities  on  £'  (l).  Hence  the  conclusion  is  reached  that 
the  effects  of  self-absorption  in  distorting  experimental  data  do  not  necessarily 
cancel  in  first  order  for  the  isolntenslty  method,  although  the  distortion  of 
data  is  less  marked  than  for  the  procedures  considered  in  II  and  III.  A simple 
physical  explanation  for  failure  of  the  isolntensitv  method  at  large  values  of 
the  spectral  emlsslvlty  Is  obtained  by  noting  that  the  quantities  B°(V^U) 
influence  the  observable  intensities  and  that  B°(Y^a),  which  is  a function  of 
temperature,  is  not  the  same  for  any  distinguishable  pair  of  spectral  lines. 
Furthermore,  equally  Intense  spectral  lines,  for  which  3^U(K)  » S^?a(K’)» 
have  slightly  different  widths  since  the  Doppler  width  is  proportional  to  the 
frequency  of  the  line  center,  Buis  the  conclusion  is  reached  that  the  effects 
of  self-absorption  will  cancel  exactly  only  for  equally  intense  spectral  lines 
with  line  centers  occurring  at  identical  frequencies. 
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Table  II. 

Representative  numerical  values  of  A (K)/A  (l) 
of  £ • (&=!)  for  the  P-*-  branch,  (0.0)-  band, 
transitions  of  OH  at  3$C00K. 

A(I)/A(1)  for 

as  a function 

2E->  2T 

z rTj_ 

(1)  = 0.1 

£»(1)  = 0.5 

f* 

n 

o 

.9  *'( 1) 

= 0.95 

1 

1.00 

1.00 

1.00 

1.00 

2 

1.31 

1.24 

1.15 

1.11 

3 

1.61 

1.47 

1.25 

1.20 

4 

1.88 

1.64 

1.34 

1.27 

5 

2.07 

1.77 

1.39 

1.32 

6 

2.21 

1.86 

1.43 

1.36 

7 

2.27 

1.90 

1.47 

1.39 

8 

2.26 

1.91 

1.49 

1.41 

9 

2.20 

1.90 

1.50 

1.43 

10 

2.08 

1.84 

1.51 

1.43 

11 

1.93 

1.76 

1.50 

1.43 

12 

1.75 

1.65 

1.47 

1.42 

13 

1.56 

1.52 

1.42 

1.39 

14 

1.35 

1.37 

1.35 

1.35 

16 

1.15 

1.21 

1.27 

1.28 

16 

0.968 

1.05 

1.16 

1.19 

17 

0.793 

0.888 

1.04 

1.08 

18 

0.636 

0.736 

0.902 

0.959 

19 

0.509 

0.599 

0.772 

0.828 

20 

0.397 

0.477 

0.635 

0.696 

21 

0.305 

0.373 

0.515 

0.569 

22 

0.232 

0.286 

0.405 

0.454 

23 

0.173 

0.217 

0.313 

- 

0.352 

24 

0.128 

0.161 

0.237 

0.269 

25 

0.0935 

0.119 

0.176 

0.201 

26 

0.0671 

0.0859 

0.129 

0.147 

27 

0.0478 

0.0615 

0.0927 

0.107 

28 

0.0335 

0.0433 

0.0667 

0.0757 

21 

0.0236 

0.0304 

0.0463 

0.0536 

30 

0.0161 

0.0212 

0.0321 

0.0372 

ru 
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FIG.  2 

THE  RATIO  A (K)/A  II  ) AS  A FUNCTION  OFK  FOR  THE  P,  - BRANCH , (0,0)  - BAND, 
Jn  TRANSITIONS  O'7  OH  AT  3000oK  FOR  DIFFERENT  VALUES  OFd’O) 
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FIG.  4 

PLOT  OF  [eu(K)-Eu(K')]  vs.  LOG  fgu(K)  [qlu!K)  2/qu(K')  [qtu  (K’fj  FOR  LINES 
WITH  EQUAL  TOTAL  INTENSITIES  AT  3000XAS  A FUNCTION  OF  £'(l)  FOR  THE 
P, -BRANCH,  (0,0) ••  BAND,  8 2 * II  TRANSITIONS  OF  OH. 


(aJK)  [<1|U'K>]2/  gu<K')  [ qlu<K»f  j 


— 


l 

\ 


I 


a.  6~P  3 


■ ,'nnmm  TO  tSOHWCW.  BSFOB*  *>.  8 

(V,  ^4.4  » ^ »•  fBU°Vlfl*P’ 


4) 


-5- 


IV.  CONCLUDING-  REMASKS 

In  concluding  the  quantitative  studies  of  the  effect  of  self- 
absorption on  apparent  population  temperatures  in  isothermal  systems,  it 
appears  desirable  to  indicate  the  connection  between  this  work  and  the 
interpretation  of  spectra  obtained  from  flames.  First  of  all,  it  must  be 
acknowledged  that  flames  are  not  Isothermal  emitters  and  that,  therefore, 
any  conclusions  drawn  from  the  study  of  isothermal  systems  can  be  applied 
to  the  interpretation  of  flame  spectra  only  after  it  has  been  established 
that  the  flames  under  study  constitute  reasonable  approximations  to 
Isothermal  systems.  In  general,  the  distortion  of  experimental  data 
resulting  from  temperature  gradients  in  ihe  field  of  view  must  also  ba 
considered.  A quantitative  study  of  the  coupling  between  distortions 
resulting  from  self-absorption  and  from  temperature  gradients  in  the  field 
of  view  is  currently  in  progress. 

Thu  quantitative  calculations  described  in  the  present  analysis  suggest 
that  some  of  the  reported  "anomalies*  concerning  flame  temperatures  for  OH 
cannot  be  accepted  as  valid  experimental  evidence  without  further  quantitative 
proof.  For  example,  a decrease  in  apparent  population  temperature  frost  the 
bottom  to  the  top  of  a flame  may  indicate  either  higher  temperatures  of  OH 
or  else  higher  concentrations  of  OH  at  the  bottom  of  the  flame.  Similarly, 
“normal*  temperatures  for  OH  in  H — 0?  flames  but  "abnormal*  temperatures 
in  the  same  flames  containing  a tracs  of  acetylene  may  indicate  either 
chemiluminescence  or  else  the  initial  production  of  large  quantltltss  of  OH 
as  the  result  of  introduction  of  the  acetylene.  It  may  be  possible  to 
differentiate  between  these  two  alternative  interp rotations  by  performing 
absolute  intensity  measuremaits  on  flames.  It  is  particularly 


disappointing,  in  this  connection,  to  note  the  failure  of  the  isolntenslty 


methods,  even  for  isothermal  systems,  to  provide  a definitive  answer 
unless  the  extent  of  ''■elf-abco  ration  is  known  to  be  small. 

Attempts  have  been  made  to  demonstrate  the  absence  of  self-absorption 
in  flames  by  showing  that  absorption  of  light  coming  from  a continuous 
source  is  weak.  Studies  of  this  sort  are  not  convincing  unless  the 
experimental  slit  width  is  snail  compared  to  the  width  of  the  spectral 
lines  under  study.  For  the  conditions  which  are  usually  employed  in 
experimental  studies  on  flames,  the  apparent  integrated  intensity  of  a 
spectral  line  could  be  smaller  than  the  true  value  of  the  integrated 
intonsity  by  several  orders  of  magnitude.  For  this  reason  it  is  highly 
desirable  to  teat  fc,r  the  absence  of  self-abeorption  by  using  as  light 
source  a radiator  of  the  same  spectral  characteristics  as  the  absorber  under 
study.  Weak  absorption  for  continuous  radiation  and  absence  of  self-absorption 
are  not  necessarily  synonymous. 

The  preceding  .atements  should  not  o°  interpreted  to  mean  that  the 
quantitative  calculations  demonstrate  that  anc.oalous  population  temperatures 
in  flames  ire  always  the  result  of  invalid  interpretation  of  experimental 
data,  ^jiite  to  the  contrary,  all  of  the  anomalies  may  yet  tr>iu  out  to  be 
real.  However,  it  does  appear  to  us  that  it  would  be  highly  desirable  to 
consider  anomalous  flame  temperatures  as  established  only  after  every 
possible  attempt  has  been  made  to  eliminate  distortion  of  experimental  data 
by  self-absorption  or  by  temperature  gradients  in  the  light  path.  From  the 
point  of  view  of  utilizing  spectroscopic  studies  to  obtain  information 
concerning  the  mechanism  of  combustion  reactions,  the  low-pressure  flames 
of  Gaydon  and  Wolfhard  and  of  Gilbert  appear  to  hold  the  greatest  promise 
cf  yielding  significant  experimental  data  which  can  be  interpreted  in  an 
unambiguous  manner. 


